Zinc Sulfide (ZnS) thin film has attracted increasing attention due to their potential applications in the new generation of nano-electronics and optoelectronics devices. The physical and chemical properties of ZnS have outstanding quality for different applications. Moreover, ZnS doped with various elements are creating a new era for both academic research and industrial applications. So, the optical properties of modified ZnS thin film will help us to find a suitable doping element for convenient deposition which may enhance the conductance and transmitting properties of the film. This review work has been carried out to explore the four-modification elements that constitute Cu, Ni, Co & Fe as descending order of atomic number corresponding to Zn, along with some potential applications considering the recent research work with other doping elements too such as Al, C, Pt etc. For example, FE, FET,
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functionalities of nanoscience in the fields of energy sources, environments, and health [1] . Nanomaterials are increasingly gaining the attention of not only the scientific community but also the public due to their unique properties, which lead to new and exciting applications [2] [3] [4] . For the last few years the investigation has been focused on the preparation and characterization of II-VI semiconductor nanoparticles for applications in biological field as molecular probes or bio labels [5] and also have attracted much attention in photo and electroluminescence properties because of their size-dependent (which is tunable) and have promising optoelectronic applications [6] . Among these families, a nontoxic semiconductor zinc sulfide (ZnS) is one of the most important and typical crystalline phosphors for both applications and basic research. In particular, doped-ZnS phosphors have been investigated extensively, because ZnS, a good host material, is an important versatile and luminescent material with a wide band gap (3.6 eV). The optical properties of various ZnS doped nanocrystals and the potential applications of these luminescent materials have been reported by different groups [7] . ZnS nanoparticles in their doped and co-doped form with transition and inner transition metals have received much attention as a class of particularly luminescent materials. Different metal ions such as Cu, Ni, Co, Fe, Mn, Pb, Co, Cd, Eu, and Sm etc. doped with ZnS have been studied by many researchers because of their extensive photoluminescence (PL) properties [8] .
Generally, ZnS doped with these metal ions provides new opportunities as full-color luminescence in the UV-visible region which used for various applications as well as research purposes. Now as traditionally shown remarkable fundamental properties versatility, it has a promise for novel diverse applications, including light-emitting diodes (LEDs), electroluminescence, flat panel displays, infrared windows, sensors, lasers, and biodevices, etc. Its atomic structure and chemical properties are comparable to more popular and widely known ZnO.
However, certain properties pertaining to ZnS are unique and advantageous compared to ZnO. To name a few, ZnS has a larger bandgap of 3.68 eV and 3.91 eV for cubic zincblende (ZB) and hexagonal wurtzite (WZ) ZnS, respectively, than ZnO (3.4 eV) and therefore it is more suitable for visible-blind ultraviolet (UV)-light based devices such as sensors/photodetectors [9] . On the other hand, ZnS is traditionally the most suitable candidate for electroluminescence devices [10] .
Beside this, ZnS is considered one of the best materials for the CIGS solar cells among possible alternative buffer layers. In comparison with CdS, the advantages of ZnS include its non-toxic and environmentally safe handling as well as its ability to provide better lattice matching to CIGS absorbers having energy band gaps in the range of 1.3 to 1.5 eV compared with CdS and having a wider energy band gap compared with CdS, which transmits even higher energy photons and increases the light absorption in the absorber layer [11] . Recently, ZnS scintillation detectors have even been used in the potential detection of dark electric matter objects (DAEMONS) [12] . These objects can catalyze the fusion of light 
Doping with Different Elements

Cu (Atomic No-29) Doped ZnS Thin Films
Cu is an important impurity in II-VI compounds. Even though it has bad corrosion resistance but doped with other elements or compound, it improved excellent corrosion resistance and applicable various potential applications [13] . For example, Cu-doped ZnS thin films were prepared using a wet chemical route and dip-coating process [14] . The study was made with a formula of Zn 1−x Cu x S for (0 ≤ x ≤ 0.2) where x is the copper doping ratio into ZnS. It was found that the XRD peaks were (111), (220) and (311) intense peak in (111) with increasing concentration where pure polycrystalline ZnS phase with cubic structure was preferred orientation along (111) plane Figure 1 . The XRD pattern shows that when the Cu doping ratio was increased, the (111) peak becomes stronger and no significant change in diffraction angles with a noticeable increment in the intensity especially for high doping ratio of 10% and 20% Cu. This may be attributed to the closer ionic radius of Zn 2+ (0.74 A) and Cu 2+ (0.73 A).
From SEM the average Grain size is estimated as 60 -100 nm. The EDS spectrum of the films showed that the thin films contained Zn, Cu, Si, O and S elements without any impurity Figure 1 (b). The presence of Si and O elements are expected due to the use of a glass substrate. Figure 2 shows that Eg gradually decreased from 3.60 to 3.32 eV with increasing Cu dopant content is very attractive for LED, Solar cells and detector applications because the light emission and absorption region of the optical spectrum can be controlled by doping level. The average crystallite size of the prepared films varied between 13 and 21 nm depending on the Cu doping ratio as seen in Table 1 . It was observed that when Cu doping ratio is much more than 5% (10 and 20 at%), the intensity of the (111) peak surprisingly increased and the crystalline quality greatly improved. that in thicker films more atoms are present in the film and thus, more states will be available for the photons to be absorbed. The refractive index (n) decreases with increasing Cu content and film thickness Figure 3 (a), whereas the extinction coefficient (k) increases with increased Cu content and film thickness Figure 3 (b) by increasing the wavelength, n decreases while k increases.
In electrical analysis, the resistivity (ρ > 10 6 Ω cm) of the undoped and doped ZnS (0%, 1%, 3% and 5% Cu) associated with the grain boundary effects of the polycrystalline nature of the films. And the resistivity decreased 5.61 × 10 5 to 4.72 × 10 3 Ω cm in Cu-doping level from 10% to 20%. This could be due to the fact that the increased Cu dopant results in new doping levels in the band gap of the host [14] . The poor crystalline quality of the films that consist of a few atomic layers of disordered atoms causes defects because of incomplete atomic bonding. The origin of the decreasing resistivity in highly Cu doped (10 & 20 at%) films can be contributed to the improved crystalline quality of the films. It can be concluded that the observed results for the produced Cu doped ZnS thin films will find a wide application in the optoelectronic devices.
Cu Doped ZnS Thin Film with Effective Surfactants
ZnS nanoparticle with varying initial doping concentration (0.25% -1.25%) of Cu 2+ was synthesized through a chemical precipitation method. To promote a confined and stable growth ZnS:Cu 2+ nanoparticles, the capping molecules trioctylphosphine oxide (TOPO), Sodium hexametaphosphate (SHMP) and polyethylene glycol (PEG) were used in the reaction process. to the excitonic state of the ZnS:Cu 2+ nanoparticles. Figure Here with the increasing Cu 2+ concentration from 0.75% to 1.00%, the blue emission peak position is systematically shifted and converted to a single green emission (from 472 through 485, 497 to 500 nm) peak. Further increasing the doping concentration from shifts the peak position to a longer wavelength with quenched intensity. Thus, it can be concluded that the t 2 energy level of Cu 2+ ions are farther from the valence band with increasing concentrations of Cu 2+ . Figure 8 shows that in the capped particles, the PL intensity is increased nearly 4 -6 fold compared to the uncapped particles owing to an increase in radiative recombination efficiency based on passivation of the surfaces from broken surface bonds, adsorbed moisture and oxides. Compared to the PL emissions (capped particle), the TOPO-capped ZnS:Cu 2+ intensity is higher than the other surfactant-capped particles. This could be a unique characteristic of TOPO (which acts as the solvent as well as the capping agent). Moreover, the TOPO has a strong dipole moment from phosphorus-oxygen, which allows this compound to bind to metal ions. Because the TOPO molecules are completely covered on the ZnS:Cu 2+ surface, the surface defect is completely eliminated and the crystallinity is improved. Thus, it is concluded that the TOPO surfactant plays a vital role in the reduction of particle size and also the improvement of crystal quality, resulting in a narrow and enhanced PL emission. Moreover, as the increased PL intensity indicates the particle grows with a homogenous size distribution. Hence the results suggest the potential applications of the surfactant-capped ZnS:Cu 2+ nanoparticles in optoelectronic devices and nanoscale fluorescent probes for biological and medical applications [15] .
Ni (Atomic No-28) Doped ZnS Thin Films
Pulsed laser deposition (PLD) was utilized to prepare Ni (2.5% and 5%) doped
ZnS thin film at TS of 400˚C on silicon (Si) and quartz substrates. The film is composed of well crystalline grain and grain looks quite uniform in Figure 9 .
The bandgap of the pristine and irradiated film is found to be 3.57 eV and 3.49 shows that the magnetization decreases due to ion irradiation at both fluences.
The decrease of magnetization due to ion irradiation could be explained based on the critical size of crystallites or change in density of structural defects.
Therefore, structure disorder plays a major rule in the exchange coupling of the orbitals.
Co (Atomic No-27) Doped ZnS Thin Films
Co-doped nanocrystalline ZnS thin films on glass substrates carried out by CBD method [17] . gap was found to be 3.6 eV. A slight increment in the value of band energy is observed with increasing cobalt concentration as shown in Figure 11 . This increment might be due to the structural modification after cobalt doping and occurrence of quantum confinement phenomenon.
The transmittance observed is in the range of 60% -80% in the visible region.
The transmittance decreased slightly with increasing cobalt concentration that might be due to increase in crystallinity densification and surface roughness of the film. Noticeable point observed that all the films are highly transparent in the visible region of the optical spectrum where the peak transmittance noted 80% of this film. Figure 12 shows that PL spectra of thin films excited at 340 nm show two emission band at 380 nm and 510 nm. The emission at the 380 nm result from the transition of an electron from shallow states near conduction band to the sulfur vacancies presents near the valance band in ZnS lattice. The luminescence centers of cobalt ions are formed when cobalt is incorporated into the ZnS host lattice. Since Co 2+ is a sensitized agent and hence its presence in the host lattice would enhance the radiative recombination processes with the increase in doping concentration, the luminescence centers substantially increase which are then responsible for significant increase in PL intensity of green emission at 510 nm. This observation reveals that cobalt ions substituted the zinc ions even at a higher doping concentration of 12 at% rather than staying at the surface or at interstitial positions. of saturation magnetization. This systematic increment in magnetization may be due to the introduction of ferromagnetic ordering with increasing cobalt concentration in ZnS thin films. The retentivity for 6 at% concentration of cobalt is 9.33 × 10 −4 emu and is observed to increase for 9 and 12 at% of cobalt concentration to 1.08 × 10 −3 emu [18] . The magnetic analysis reveals the presence of room temperature ferromagnetism in all samples. All of these results indicate that these films might have potential applications in advance optoelectronics and spintronics.
Fe (Atomic No-26) Doped ZnS Thin Films
Fe-doped (Fe = 1%, 5% and 10%) ZnS nanoparticles, synthesized via low temperature chemical route [18] . The average crystallite size has been found ~10 nm. The TEM images indicated the average particle size as ~9 nm in case undoped and doped samples with spherical symmetry. The HRTEM images give The UV-vis spectra of undoped and Fe-doped nanoparticles have been recorded 290 nm and 450 nm as shown in Figure 14 . Table 3 shows that the ab- 
Comparison of Doped ZnS Thin Films
The properties of doped ZnS are varied with different doping element. And The porosity between the grain will be small and one can easily get a uniform, dense and homogeneous surface which is one of the important precursors for the deposition of the thin film. Moreover, some similarities are also found observing these modified ZnS thin film. The transmittance of Cu, Co, Fe doped thin film reduces as the content of these element increases probably due to the free hole absorption effect. Therefore, absorption increases with the rising doping concentration which could be explained on the fact that in the thicker film more atoms are present in the film and thus more states will be available for the photon to be absorbed. On the other hand, the effects of surfactants ZnS:Cu 2+ surface was also has been observed. The effective surfactants used here are TOPO, SHMP, PEG. Comparing among different properties of surfactants and without surfactants films it was observed that TOPO surfactants help to reduce the particle size significantly than SHMP and PEG. It also eliminates defects and improves the crystal quality. 
Potential Applications of ZnS
Field Emission (FE)
Field-emission (FE) (also known as electron field-emission) is an emission Figure 18 shows SEM images of the as-grown nanobelts [21] . As reviewed pure ZnS is not the best candidate for FE but a mixture of commercial ZnS powders and C powders and S powders which is known as ultrafine ZnS is successful as field emitters. These developed methods are not only facile to enhance the FE properties of ZnS nanostructure but also, they are general to develop other inorganic semiconducting nanostructures into potential field emitters.
Field Effect Transistors (FETs)
ZnS/SiO 2 core/shell nanocables are synthesized by a vapor-liquid-solid growth method to fabricate a FETs nanodevice. This device immersed in the liquid for biological and chemical sensing, by monitoring the electrical conductance during protein or chemical additions. Figure 19 shows the schematic of the sensor.
Protein, such as bovine serum albumin (BSA) has a strong affinity to silica surface, which makes it possible to utilize the charged BSA as a gate. The nanocable-based transistor was immersed in a PB solution with bovine serum albumin BSA 0.0005 g/L and its electrical conductance was decreased while proteins were added. The conductance was decreased upon stepwise exposure to BSA (0.0005 to 0.005 g/L), strongly suggesting that adsorption of BSA on the surface of the nanocable is responsible for the observed conductance change which used for real-time BSA protein detection.
Since the nanocable is n-type, so the conductance of the device decreases when BSA is added to it. The conductance of the device, on the other hand, was found to increase when a positively charged protein was added [22] .
Catalytic Activities
ZnS is a direct wide-gap semiconductor with remarkable chemical stability against oxidation and hydrolysis and these properties are retained when the par- have an oxidative potential of about +1.85 V. It was found that the reduction never happened either in the dark or under the irradiation in the absence of ZnS suspensions [10] . These studies revealed that ZnS nanostructures are good photocatalysts due to rapid generation of electron-hole pairs by photo-excitation and highly negative reduction potentials of excited electrons.
Fuel Cell
ZnS nanoparticles had catalytic activity for the decomposition of ethanol, a potentially abundant fuel for mobile electricity generation since it could be fabricated by fermentation from a broad range of organic materials [24] . In this setup of Figure 20 , oxidation of ethanol took place only in the presence of ZnS particles. Electrodes without ZnS particles generated no current. Repeated ethanol addition increased the flowing current stepwise. A pure carbon electrode also led to a sharp current peak (adsorption of ethanol), but not to continuous decomposition, while with an ITO blank electrode, these effects were much smaller [24] . This work establishes the usability of ZnS nanoparticles as electro catalysts for direct conversion of ethanol into fuel cells. Such catalysts are the need of the hour since ethanol can be made from a broad variety of organic materials by fermentation.
Nanogenerator
Nanogenerators use piezoelectric properties to converted nanoscale mechanical energy into electrical energy. ZnO-ZnS heterojunction nanowire arrays were synthesized by a thermal evaporation process with the presence of residual oxygen. Figure 21 
Electroluminescence
Amongst various useful properties of ZnS, EL deserves a special mention, because ZnS is considered to be one of the best semiconducting functional materials for EL devices. EL is a phenomenon in which a material emits light in response to an electric current passed through it. This is one of the few instances in which a direct conversion of electric energy into visible light takes place without the generation of heat (incandescence), chemical reaction (chemiluminescence), or a mechanical action (mechanoluminescence). It was observed that if ZnS slightly doped with Cu suspended in an insulator and an intense alternating electric field was applied with capacitor like electrodes, visible light was emitted. The reason is when a sufficiently high voltage is applied across the electrodes, electrons that are trapped at between the interfaces layers are injected into the conduction band where they are accelerated by the field and may create excitation at the luminescent dopant centers by impact excitation and ionization mechanisms. This has led to a surge in research activities of EL properties of ZnS, which were mostly undertaken on single-crystals and powder samples [10] .
The light output of thin-film electroluminescent displays has been very reliable, with little loss after tens of thousands of hours of operation.
Humidity Sensors
Humidity sensor technologies enable to widespread application in electronic control systems are becoming ever more important. A little attention has been paid to humidity sensors based on metal chalcogenides. Recently, the applications of the ZnS:Al NWs as high-sensitive humidity sensors has been investigated [27] . This shows that when the RH value is beneath 50%, the resistance of the ZnS:Al NW slightly increases with increasing RH value, while further increase of the RH value resulted in an obvious decrease of the resistance. To interpret the resistance increase at RH < 50%, a surface charge transfer model is proposed: due to the chemical adsorption of water molecules, OH-ions are likely formed on the ZnS:Al NW surface by capturing free electrons from the NWbulk [28] . The surface negative charges make the NW surface energy bands bending upwards, hence the holes will accumulate near the surface. A portion of the electrons in NW is compensated by the excess holes, and as a result, the NW resistance increases. Both electrical transfer measurements performed at 30% and 70% RHs show pronounced n-type conduction except the slight increase in the leakage current (IGS), indicating that the physical adsorption instead of the chemical adsorption dominates the conduction and finally contributes to the decrease of the resistance at higher humidity. Besides this, the humidity sensing capability and electrical resistance of ZnS nanowires at different relative humidity conditions have been investigated at room temperature [29] . Figure 22 
Solar Cell
ZnS nanostructure is being intensely used in the novel solar cell such as dye-sensitized solar cells (DSSCs), quantum dot-sensitized solar cells (QDSCs), Cu (In, Ga) Se 2 (CIGS)-based thin film solar cells or organic-inorganic hybrid solar cells. Generally, ZnS nanostructure may be used as photoanode in DSSC, but the cell efficiency is too low that constitutes less than 1%. For increasing the efficiency of ZnO/ZnS core-shell, it was proposed that the ZnS layer on the ZnO nanowires suppressed the recombination of injected electrons at anode/electrolyte interface by reducing defect site.
One of the most promising thin film solar cells with high world rank efficiency is Cu (In, Ga) Se 2 (CIGS)-based thin film solar cells. As presented in Figure   23 . The device structure of CIGS solar cell is quite complex which consist of a multilayer of metal, semiconductor, and alloy layer. Typically, CdS has been applied as a buffer layer between the absorber and front contact layer for CIGS solar cells. Because of the incompatibility deposition method and environmental unfriendly of Cadmium is a matter of concern in large-scale solar cell production. On the other hand, ZnS Buffer layer can be fabricated by a various deposition method. By using a CBD-ZnS buffer layer, the conversion efficiency of 18.1% for Cd-free CIGS thin film solar cells has achieved which controlled by O/S atomic ratio to minimize the conduction band offset at ZnS/CIGS interface and bulk recombination of those wide-gap alloys [31] . Figure 24 (b). In Figure 24 (c) a representative curve of the conductance as a function of pH suggests that a modified ZnS/silica nanocable can be functionalized as a nanoscale pH sensor since its pH dependence is linear [22] .
The proposed mechanism for pH sensing is described as follows. Covalently linking APTES to the oxide surface of nanocable results in a surface terminating in both -NH 2 and -SiOH groups Figure 24 
Biosensors
Biosensor is a device for the detection of an analyte that combines a biological component with a physicochemical detector component. ZnS nanomaterials mM also meets the requirements for diagnosis in the clinic. Using irradiation of 300 nm UV, its sensitivity of detecting UA is increased 5 times, reaching 413.98 µA·cm −2 ·mM −1 , which is higher than that of most electrochemical biosensors. However, the linear range is decreased to 0.01 -0.54 mM, which is to be improved in future work. These results provide a simple and efficient approach to fabricate ZnS based electrochemical and photoelectrochemical biosensors [32] .
A detection method of DNA hybridization based on labeling with ZnS QD tracers has been developed with electrochemical-stripping measurements of the nanoparticles. A DNA sensing mechanism was developed by the measurement of I-V and FET transfer characteristics [33] . The ZnS/SWNTs FET was formed by using the highly doped silicon substrate as a back gate and is schematically represented in Figure 25 
Gas Sensor
ZnS has rarely been used as gas sensors because of its low carrier density and irreversible reaction with oxygen which can be removed by using ultraviolet (UV) 
UV Light Sensor
Ultraviolet ray (UV) is the electromagnetic radiation of 10 -400 nm wavelength with energy ranges from 3 eV to 124 eV. ZnS provides UV detectors that would particularly well serve within the UV-A (320 -400 nm) band. The high spectral selectivity combined with the high photosensitivity implies the bright prospects of using the ZnS nanobelts as "visible-blind" UV photodetectors in many areas [35] . The direct bandgap makes ZnS a promising material for fabricating optoelectronic devices. In Figure 26 
Conclusions
In this review work, as a doping element Cu shows the lowest bandgap that is 3.47 eV and its crystallite size is also suitable which constitutes 11 nm for 5% concentration. Small crystallite size produces uniform, dense and homogenous surface which is one of the most important requirements for the deposition of 
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